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ttrfa^ 1 D ^ i:l|2 ®Jg'(I^S:MV>TtfriS'»^S:0FDM'fl-^lC^Mt--5^ 



iuIBOFDMM^ ® III raps® lim^ * S J: e. JCMIBOFDMiS-^ ®il 

tusHAij:^-5^ ^/ >^T* A* $ tlfc Buial^ 1 e> m 1 © ^ n 2 © 

ItfiS^ l©r?a«y^'t:^2 ©^■B-^?:flaVATluiBW«?:OFDM«-g-{c^ro-r-Saf 

ttin&m 2 ©^-fS-^-*^ e> , Iff bBOFDMM-^ i: Pgg-r S OFDM-ff-t ©ilJI^SKPS*^ 
tuifHOFDMM-^ © HI U -3 ffiJ^IS© r^PS ©^li^fC :^ S J: e) fCKrlBOFDMM-^ ©izl 
«raPS SM^-r 2 ©i' n >y Sr^^t-'SH 2 ©4figX5=-y P^i: 

[|f*«3] mSfflW#S:0FDM^MbTj|l«1-Sitffi^glC, 
a^iiiJS:^^ 1 ©^«^5:A;^j-r&A:d><.7^^y yt, 
luIBA;*;^-^ y y^T- AA $ tx^ittflBl^ 1 ©^M-^*^ e>|gi©i'a^yi'i:|g2© 

ttflB^ l©^a«yirt|g2 ©^M^SrMV^TtufS'ft^&OFDMm-^-fC^p-tS^ 
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S: ^ tf S: Hf? S -tirS n > a. - 3f A^iS y nl|g D y 5 A S: a«f S 
Sip i: S OFDMffi# ?: A:^j-r S A*#® i: , 

f«faA*#©^CJ:^;A;^JSt^fet^riBOFDMM-^S:^M■r■&ri:^CJ:^J, 
m 1 ® n ^ 5:^^-r€)m 1 ©4^^® t, 

X m^mm ^ ofdm«# \z^w%-t^ ^m^m n , 

[»*:*5] m^®«^S:0FDM^iiLT^5l«■tS^IM:&^^C^V^T, 
Sip i: S OFDMM# S: A:^7 -r S A:^7 ;^ 5^ y r'' i: , 

mffBAA::^5^ y >^T- A:^J S tifcttrlBOFDHM-^ Sr^Wt" -5 r i: J: y . ^^-^ H 
S: tf r i: S: i: -r 5 
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T tuia«^ 2: OFDMM-^ {c^M-t -S^iix 7^ 'V i: , 

^ S tl ;t ButaOFDMM-^ OJim r^Pg S: , tu iaOFDMB-§- i: -5 OFDM«-^ t (D 

•5 m 2 ® n y S: •£> II 2 CD 5^ y 1 

5:-^tf^a.SS:lS^f Sits 3 > tfa.- ^ nj|g;&:/n 

ttr fa A±^© fc J; y a:^j s tifctu ts^'fi-^ i: luIH^ i<Difu-yi7^m\'^x mm 

fcitfiaOFDM'fS-l-CiS'BISPi S:, tufBOFDM-B^ i: mSt" S0FD1I{I# ©SgiillSISRI 
SuiaOFDMM ^ ® »J e) MJIM © ® Sgf^ IC * S <fc icftj S II 2 

[»^S8] m^®«^S:OFDM^iiLT^Im■rS^ilfl^fiS^C;feV^T, 
S^i:^SSS#-§-i:S 1 ©i' n S:A:^j-r€>A*X7^'v:7^i;, 
tuBBA:^j;^-T-^V7'7f A:ij3tifeaffB^«#i:tufE^ l n ^y 5:M^^TtufB 

BusaoFDM^-f-® jiMr^Pi S:, iubhofdm^^ h m^-r soFDMM-^ (Dmmmmm 
t)K mmoYMm ^\^<Dmv ^^mmm<^rsm (Drnms los s j; ^ tc mm-t •& n 2 
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fcl5iB0FDH«^®SffiraPSS:, tSiieoFDM#-t i:|gg^^^0FDMM#ii©Mj2ISSraiig 

|ffl30FDIl«-^|^®g|y^^ilJ3IM©raiSOSIi^tC^;S<ke>lCfd^-r-5^2 
O n ^' S: S -5^ y r/" i: 

[0 0 0 1] 

So 

[0 0 0 2] 

[ei!e*©a$i5] 

OFDM (Orthogonal Frequency Division Multiplexing) 
^i:bT^e>tvT^^-2>. 0FDMeJ2l:&^tt, m^a^Sfctgl^^^fCTW^^^tU 

[0 0 0 3] 
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[0 0 0 4] 

Hltt, 4»^i>MjSIS:f iCD5^^>:^^;i'l (c h 1) , *>i>M?SSS:f c h 2, 
[0 0 0 5] 

[58 ffl L J: e) -r s iga] 

*^ffiT-rsrt{c«:»;, MMIS:©^?il^rJM®.#,*^e>tta^*L/<JQ:^^. ife, T:^ 
[0 0 0 6] 

[0 0 0 7] 

[Rffl5:^gi-r-5 fetoffl^®] 

^^■r^m 1 i:, H 1 ©i' D i:l|2 0^##S:MV^TW$S?:OFDM 

m^K.mm-t^mm^mt< ii2®®M^*>e>, oFDM-ft-^tn^-r-soFDMfi^i: 

[0 0 0 8] 

»*:S2(Cfaffi©J!l«:&S6ti, »£ii:^-5|gl ©®^B-^5:AA-r-5A;ti;^7^^/ 
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e OFDMM-^ t ® HSIiSraPS *^ OFDMW-^ « ffi ^ 'J e> SjI^JS® I^Pi ® SSX^^F IC 

7^ y i: S: tf r i: S: J^IS -r s . 

[0 0 0 9] 

i:lg2®g5'fi-§-5:^^-rsi|i ®^fiS;::?.-5^>y:/i:, ^ i ©i? n >y ^^2 CD^« 

#S:I^V^TW^2:0FDMM■e•^C^iS■r•&^W:^7^>v:/^:, ^2«)®M-i^*^e>, OFDM 
fl#tg|gS-rSOFDMffi#i:©MitlMf^Pi*^ OFDM#-^|^®^»J-&dMM®raPil 
©^l?S:^gf{C:&S J: -5 {COFDMffi-^CDJIMraPiSrMiSit-rslI 2 Oi' n Sr^^-T-S 
II 2 © Sfe^yt 5^ 'V tf S ^=fT 25 it -& 3 > tf - jb« Sg«i3t U "Itg 

n y 5 A S: -r s r i: S: -r S . 

[0 0 10] 

»#3S4 {cfS®®i^'(B^Sl*. S^Pi:*;S0FDMM#S:A:tfr.5A:5#Si:, A 
:*3#©tcj: yA;d$tifcOFDM{i-^S:tt[ii-rs:iticj; m^^^ \ <D ^ n v 

©^'^>y^'5:fflV^T'lf^$:0FDM«-^^C^OTt-S^ii#©i:. HlW^^^SlCj: 
y*^$tife^M-^*^e>, ^ii#®tCi y^jS;25 4XitOFDMm#©JIfBraPlS:, OF 
DMM^ t ^g-t •2>0FDMffl# i: ©MhIj^^I^IS^^ OFDM^I^f^® Bi U e) !S32IM©1S 
PiCSgi'^lC^iS a: e) tCfiJi^-r -511 2 O n >y Sr^^-T -SH 2 5: 

[0 0 11] 

. A*>?.5^>y:/T-A:;f;$tifcOFDMfi-^S:^ii-rsr hicj; ^ffi#i:lli©i' 

^i^HlWi'n^y i'SrffitNT'it^SrOFDMM-^fC^Kf ^1® 
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^ ^ X 7" y >^ i: & ^ tf :i i: S: # ^ i: -r -5 o 

[0 0 12] 
[0 0 13] 

# SJCi y^^3tlfcOFDM«#©Jg«rai5S$:, OFDMm-^il^^-f SOFDM«#i:®l} 

m 2 (Z) n «v ^ S: ^^-t S ^fig^© i: S: tf r i: S: i: f S . 
[0 0 14] 

s^&0FDMM#ic^iM-rs^W>^5^>y:;^ii, A*><.7^r5/ >^T*A:*;^tifc^«-^*>?> 

, ^^X-7^^y:;^T'S^g3tlfeOFDMM-§-®igffir^PgS:, OFDM«-^i:||g^-f SOFDM« 
-^i:©«J^?SI^IigA^ OFDMm#«®l|!| U-&^i8iiMorai5i©SI!!i:^&{c;aiS J: e) ic 
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[0 0 15] 

if? S -& S 3 > fcf 3. - ^ *t K »; orig * y a ^ A S: il« -t S CI S: t -t s 
[0 0 16] 

m^ti, m2(D9^m^i)^^. oFMm-^t^m-r^oFmm^t.<Dm^mm^si)^. of 
DM^-^ F^® m »; e) rai©® s^^gtc s i e) icoFDMM#©iii«rai5g m 

[0 0 17] 

QFmm'^K^m-^tl. ^fig^tl-t^W^ji^e), 0FDM^I#®J3lffifSPiS:, OFDMM^ 

la^tC * S i ^ tcMp-r m 2 CO n ^ A'^fiK 3 tl -5 . 
[0 0 18] 

miztj^^^^izmm-t^m2<Di7uy9ti^&^-^n?>o 

8 ajaE#2 0 0 O - 3 0 0 0 3 2 6 
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[0 0 19] 

IFFT (Inversed Fast Fourier Transform) 1 3tCA:iJc5*l> 

0 3*7-Ux^^ (OFDM^if) $4X, KW>;5f-A;i/^*ilDgI5 1 4(Cffl:i!j$tlS 

[0 0 2 0] 

iS- K-f >iJf-7t;i/#JnSPl 4 (4, A±3nfe«^{C;?f- K-f >^5r 
jD-r-S, OFDM^s®:*^-ett, 03 {C^-TieifC, mXVl. 6 4QAM (Quadrature 
Amplitude Modulation) ^^iT^rfflV^T^ISStlTt^iiJiSi: LTCDMiUM 1 :75Mk 

^ [0 0 2 1] 

. ass^isasi sfcAAstv. iSie^^stx, MMSJ^^imi^s (caiAs;nSo 

[0 0 2 2] 

PLL (Phase Locked Loop) |Eli^4ti. ^ff-^i: n y Sr^fi^-TS. Miti? 

tiS. fiiffiitgegp 2 1 tt, A;tjStifc2o©^«#cDfiffiSifcg!EL, -eoD^^S: 
LPF (Low Pass Filter) 2 3 {Cffiij-fS, LPF2 3 tt. A:*! 3 tlfc-H-i-C^SJllS 

^^^sr^yau mffiftij^igs^2 4{ca}^-r-5>o mffif!i®56ffi^2 4«, k± 
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[0 0 2 3] 

t^iz. &.mitm3 2 nzm'M^n^. z.(dj^oiz. ?LLm^4\t, mmtta^ 
^m^izmmht:Li'ayi/ t^m^^&^'T&o 

[0 0 2 4] 

PLLlHlS&4tCJ: PLLIiIS&5®fi^BJi:®Si$3 1 IC%A*3 

txS. PLLigg&Stt, PLLlHliS&4 ill^^tC, fifflJtKSPS ItCj:*;, :5J-MIeIS&3 2 

3&^e>{i}*Stifc®M-f-i:A:*;$*ifcPLL|5]i^4 A>p,®^«#®fit*Si: ^ttmi^. 

-?-©^»*^e.LPF3 3 fCj; y{Sffl?S^^$:3t»J mb, Hffi^W 3 4 IC J: y 
, irny f?S::^^-r-&. PLLIhIS& 5 (C J; y ^^Stl^^^ n ^ tt, jflSgS:^^® 
^3 1C«*&S^\S. 
[0 0 2 5] 

C^i^4] GFDMM-g-oi^gpoDMJtjai:. ^t^^cSt,ia^^gSS■r •SOFDM^-^WS 
JfliS<DtapSd^ ^4x^;a<D0FDMM-^rt®|gJ?l?gr^Ki©SgS:^lc;&o 

[0 0 2 6] 

^:^^e>4^^^^T*^^fc^l^^)rfc^cJ: i:t;ilS-tSOFDM##|^± 
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[0 0 2 7] 

H4S:#MLT, gM*i{H!|-eiEblr^J^&ffi-eOFDM^Mbfch^®FFT (Fast Fo 
urier Transform) ®H}:*S:Si^-r-S. * "T, ®4 (A) {CS^fJ: 

e>^<i-^{CIFFTS|# (OFDM^il) 04 (B) {C^f J: "5 *:OFDM2/>3K;i/ 

#1, #2, • ■ • ^mmmtzmm-t^, iFFmn^n^:itiz^v 

0FDMS/>df;^|^T'©#ig^llMI^±©^^tt|8^feL^:v^, 

0 [0 0 2 8] 

^mmmiit. xkm^nr^m^. (b) fC5^-rj:e>5&0FDM2/>}i?;i/$r, ^4 (o 

?:MV^TFFT?t» (OFDMttH) SrML, 04 (D) (Ca^fJi^fC, isimStlfc© 

# (04 (A) ) tmm(Dm-B^m&. ci®j;e>tc, iELv^FFmfi^a-e^il3 

[0 0 2 9] 

LA>L:^*^e>, 0 5{C5^-r<fce){C, iEb<;&V^fi^B®FFT^fi:^a5:^av^T^^ 

♦ ■r*;t)*.> FFT^fefflAt, 0 5 (C) Km-t^^K^ 2-OffiOFDM5>'>/}?;i'(C*fc 
A't-oTL*-5<fc^5&«-^, =S-i>>df;i/®Milll^^:a'A'«, 'fa®i^>d<;i/©ffii^?i?^ 

(D) tc^fipic, (0 5 (A) ) i:ttM*S, 

[0 0 3 0] 

je<±®3i:a:U, FFT^etB/&^^b<^;^^4^^^^e>:&^^i:v^e)Z:^:{c;^^;, 

M{W^CS^^T«, IFFmfir;fg;?,t^L/V^^:v^e>^<2|:3;^,t5^^^J-c4^s„ LA^L**^ 
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[0 0 3 1] 

, -r^^p-fe, ^6 (A) \z^-tii'^tji^mm^\c^ y>(}\^9^m'). ^mm^^ 

B) tc5^-rie>ic. ll5^L■r^^fc«-g•®i^S5:S^:^TL*^^. iEbv^^sl:&^^3 
[0 0 3 2] 

[0 0 3 3] 

a? {Ca^f J:e){C, N^^>:^;i/CDGFDMM-^i:, glg^-T S N + 1 
v^^:^^e)^feff 2, iFFmfi:ffi*^^Lv^i:v^e>^ff 3, J:tJf^-v>:^;i/ra®Mj£ 

S: g -r fc ^ ffi -r S r i: fg t S . 
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[0 0 3 4] 

02{C3^LfeJzl^i^l ^CfcV^T^i, PLLIaI^4 A^^ff i;5M3 Sr^fc-Ti^jtC 
tftf^b, PLLlpIi^5*^^ff4 S:^;t-r <fc -5 lCi&{^-r So f^fct., PLLlElB&4 0fi 
ffiitgjgPZ 1 (CAAStl-SSiP^M^lCI^IBbT, IFFTmffgPl 3 J!)^M^^•5IFFT 
i: n Sr^^f J: {c-r s r i: tc J; y . ^fl^ l TJS 3 A^^fe s ti 
Se>K:, IFFTS^gPl 3 IC'^t^gStlSIFFm^-^ (0FDM#-5[^CDl9JIjSCD^ 
Iig^cMJ^i:LTV^S) tt, ^25!gf^SllHlB&3^«^$ti-5MillJS (RF-©-^) 

0 MMJ^?S^raPi5:^oTRFm-§-^^0OFDMfl-^5:4^-tS*> f^fct., ^#4 
5: ?t -r r i: «r|g i: S = 
[0 0 3 5] 

lasfi, jt«iiiofificD«^s:5^-r>^ny i'0T-fe-5. M 8 izm-tmmWi 1 <D 

mm-t. a2lC5^bfej||'©^ilfflPLLlHlJ^4 ?:0FDM«iiiag&4 1 {ca^i|;ifc=» 
mX'$>^, 0FDMttiiIlim4 1 tt, a*i:!fcS0FDM'fI-^5:A;dL, ^©OFDM«-^S: 

[0 0 3 6] 

«Sl «^^lCfeV>Tl4, 0 2 lC5^L>tJt«^l ©PLLiniI^4 {CJ: y^^^tlfc^ 
. 0FDmmmm2\t. «*&3tVfc®M#S:MV%TIFFTaiSU, OFDM^if 3Sa 2 
gi^ffilEll^S S:M»-rs^n>y^'*'PLLlH|g&5{CJ;y^fiS;3tiS. ■Kl&^tiS® 
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[0 0 3 7] 

[0 0 3 8] 

[0 0 3 9] 

[^^®S&lg] 

0 [0 0 4 0] 

«oa«^^tclCJ;tl«, AASt^^:OFDM^S-^S:^il■r■S:l^:^cJ:^J, ^M-^i:^ 
1 Oi^ n «y nfe^ff-^tlS 1 Oi' n S:«v>Tlf ^5:0FDM 

<S-^lC^Mb, :S^$tlfc^«^j!)^e>, OFDM{I#OJII^rai515:, OFDMffi-^i:ilS 

[0 0 4 1] 

14 ttJIHt 2 0 0 0 - 3 0 0 0 3 2 6 
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[02] 
[H3] 

F >f > ^ - fc o ^^ T^ra -r -5 0-e s> s . 

[04] 
[05] 



[07] 
[08] 
[09] 

[=!ff-t®ii^] 

1 mmm. 2 ofdm^ihiiji^, 3 mm.wmm^, 4, 5 pllef 

S&. 2 1 fefflJt^S, 2 2 :»'MI1IS&, 2 3 LPF, 2 4 
?gSSII, 4 1 OFDM^i®IfiI{S& 
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-7 ^ JlUK'OWXM^-t^M'Titb^, 
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CA) 
(B) 



Ejl llll tt . ■ J1U111M 



OFDM 



OFDM v'ViK^P*! 



OFDM '>>iJ?.>l/#2 I 
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(D) 
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(B) 
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(C) FFT,^feffi 
(D) 



dttttftf , _lii,iMlt 
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, \ ^ T . ^ 



(B) FFT ^^mamW^^i^ ^ 

FFT FFT FFT 
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• OFDM 
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mm} 

m^^m &.mtmu 2 1 plleiss 4 tc a:^j ^ nr=.mm^m-^ t m 

1^2 2A>e>5^MS*x-S^{i-©-i:5:Jti?U, ^ CDJi:S£^m?:LPF2 3 tcm^-TS. L 

tl-t^, «ffif!l^58®^2 4*^e>ai;^J$tlfc^S■^^i. 0FDM^WIgIH&2®:&g|$tCi' 
D'Vi'ilLT^^&Stl-Sfc^^lC. :»-^lHlg&2 2lCfe^,J&S^X-5. 4)-MlHlf^2 2tt 

3lZ^f^-t^, 3e>fC, :^^$4xfc^ffi#tt, PLL|BIJ^5lC«S&$tlS. PLLI1I8& 
5{i, «|&Stlfe®ffi^5:«{C. Ji?S^SS:^SIlHli^3 5:ft^^-rS^'Dy^S:*j^^■t 
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